We previously reported the occurrence of oligomannosides and xylomannosides corresponding to unconjugated N-glycans (UNGs) in the medium of a white campion (Silene alba) cell suspension.
GlcNAcMan~(Xyl)GlcNAc(Fuc)GlcNAc and the oligomannoside ManaGlcNAc have been isolated from the extracellular suspension-culture medium of white campion (Silene alba) (Priem et al., 1990b; Lhemould et al., 1992) . The importance of these UNGs was recently emphasized (Priem et al., 1994) . Several glycoproteins conjugated to these oligosaccharides have been reported (Kamerling, 1991) . The excretion and accumulation of the UNGs in the medium at the end of the culture period could be explained by glycoprotein breakdown. When deprived of SUC, cells consume starch, protein, and lipid reserves (Joumet et al., 1986) . We have recently demonstrated the presence of peptide-N4-(N-acetyl-glucosaminyl) Asn amidase, named PNGase Se, in the cell extract of white campion (Lhemould et al., 1992) . This enzyme hydrolyzes the glycosylamine linkage. Oligomannosides and xylomannosides are effective substrates for PNGase Se only when they are carried by small peptides and not by proteins or glycoasparagines (S. Lhemould, Y . Karamanos, H. Morvan, unpublished data) .
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glucosaminidase, named ENGase Se, in cell extracts of white campion, which could explain the occurrence of the oligomannoside described earlier (Priem et al., 1990b) , and we have also evaluated the influence of exogenous Suc concentration on the level of endoglycosidase activities.
MATERIALS A N D METHODS

Cell Culture
White campion (Silene alba [Miller] E.H.L. Krause) suspension culture was obtained by the Dubois and Bourriquet (1973) procedure. Subcultures were produced in 500-mL flasks with 200 mL of medium as previously described (Morvan, 1982) , except that the growth period was extended to 30 d. Suc (10, 20, or 40 g/L) was introduced at the start of culture.
Extraction of Oligosaccharides
Oligosaccharides were obtained from the medium of O-, 7-, 14-, 21-, and 28-d cultures. Cells were removed on a glass filter and the resulting medium was concentrated 2-fold under vacuum and precipitated with 3 volumes of ethanol at 4OC ovemight. The pellet was recovered by centrifugation (5000g, 30 min). Ethanol was removed from the supematant by rotary evaporation.
TLC of Oligosaccharides
TLC was performed on Silica Gel 60 plates (Merck, Darmstadt, Germany) with n-butano1:acetic acid:water (2: 1:1, v/v) for 6 h. Oligosacharides were detected with orcinol-HzSOc reagent (0.1% orcinol in 20% H2SO4) at 110OC. 
SUC Quantification by HPLC
Two milliliters of culture medium were precipitated with 3 volumes of ethanol at 4OC overnight. The supematant obtained by centrifugation was lyophilized. The residue was dissolved in acetonitrile:water (3:7, v/v) filtered on a 0.22-pm membrane just prior to chromatography on a Supelco LC-NH2 column. Separation of Fru, Glc, and Suc was achieved by an isocratic elution with 80% acetonitrile at 1 mL/min. The products were detected with a refractometer.
Cell Extract
Cells were harvested by filtration on Whatman 41 paper with a Büchner funnel, suspended in 100 m potassium phosphate, pH 7.0, buffer containing 0.1% PMSF (Sigma), and disrupted with a Waring blender. The homogenate was centrifuged (15,OOOg, 15 min) to remove cell debris. The supematant constituted the cell extract. Protein content was determined by the Lowry method (Lowry et a]., 1951) using BSA as standard.
PNGase and ENGase Assay Procedure
PNGase Se activity was quantifiedusing the Man5GlcNAc2-Asn(Ala,Thr,Ser) resorufin-labeled glycopeptide as described (Lhemould et al., 1992) . ENGase Se activity was quantified using a Man,GlcNAc2Asn-resorufin glycoasparagine as described (Bourgerie et al., 1994) . One unit of enzymatic activity was defined as the amount of enzyme required to convert 1 pmol of substrate to product per min at 37OC in 50 m sodium acetate, pH 4.0, buffer.
RESULTS
Characterization of Endoglycosidase Activities
PNGase Se activity was previously characterized in white campion cells (Lhemould et al., 1992) . It was expressed as the ability of the cell extracts to hydrolyze the fluorescent substrate Man5GlcNAc2-glycopeptide-resorufin. The presence of an ENGase Se activity was demonstrated using the fluorescent substrate Man7GlcNAc2Asn-resorufin (Fig. la) .
Incubation of a wlute campion cell extract with this substrate resulted in a product (Fig. Id) having the same retention time as the reference endo-N-acetyl-fl-D-glucosafidase from Streptococcus plicatus (ENGase H) (New England Biolabs, Beverly, MA) (Fig. lb) . PNGase Se was unable to degrade this substrate (Fig. le) as was described for other PNGases (Bourgerie et al., 1994) .
Influence of SUC Supply
Growth Curve
Using the standard Suc supply of 20 g/L, cell dry weight exhibited a classic exponential phase of growth up to 7 d of culture, followed by a stationary phase up to 14 d (Fig. 2a) .
This limit corresponds to the age at which cells are normally transferred to a new medium. After 14 d, a continuous decline in cell tlry weight was observed. The growth curve was modified under lower and enriched Suc supplie:; of 10 and 40 g/L, :respectively. Total cell dry weights were correspondingly lower and higher. The growth curve inflection was found to be in direct relationship with sugar disappearance, i.e. 7, 14, and 21 d from lower to higher Suc supply.
Evolution of the Intracellular Protein Content
For 10 g/L and 20 g/L of SUC, protein content evolved in a manner similar to the growth curve, exhibiting successively a rise, an optimum, and then a decline (Fig. 2b) . When supplied with 40 g/L SUC, protein content started declining at d 14 despite the fact that cell dry weight still lncreased up to 21 d. This might be due to nitrogen starvation, since sugars were still available.
Disappearance of Suc and Occurrence of UNCs
Suc added at the start of culture was rapidly hydrolyzed, generating Fru and Glc in the medium. When the Suc supply was 20 g/L, corresponding to standard conditions of culture, complete disappearance of Suc and hydrolyzed products was observed after 14 d of culture (Fig. 2c) . The time of culture at which sugar nutrients disappeared was dependent on Suc supply: 7 and 21 d, with 10 and 40 g/L of SUC, respectively. The disappearance of sugars from the medium was qualitatively confirmed by TLC analysis (Fig. 3) . At d 14 sugars were almost absent under low Suc supply (Fig. 3A, lane 6) , whereas a relatively large amount was visible under the high Suc supply condition (Fig. 3C, lane 6) . This technique also provided information concerning the occurrence of oligosaccharides including UNGs, which were readily detected just after sugar disappearance (Fig. 3A, lane 5 ; 3B, lane 6; 3C, lane 7) and gradually increased until the end of the culture cycle.
€volution of Endoglycosidase Activities
Both ENGase Se and PNGase Se activities were found in the cell extracts at different periods of the culture under the three conditions (Fig. 4) . Furthermore, PNGitse Se activity was always 10-fold higher than ENGase Se activity, a difference that must be looked at with caution bel-ause the substrates used in this study may not be representative of the enzyme specificities. In terms of the total activities, the lower the initial Suc supply, the higher the activity. Under the standard condition of 20 g/L SUC, the activity of PNGase Se rose for 21 d, then dropped until the end of the culture cycle. Under the same conditions, ENGase Se activiiy increased for 7 d, was stationary for up to 14 d, and then dixlined after 21 d of culture. When supplied with a limited amount of Suc (10 g/L), both activities greatly increased froin d 7, the time at which sugars disappeared from the medium. Under Sucenriched conditions of 40 g/L, both activities remained relatively low up to 21 d and then rose slightly until the end of 
30
Time in days hypothesize that they could originate from glycoprotein breakdown related to carbon starvation. The aim of the present study was to verify if the production of UNGs vaned with Suc nutrition. Our results clearly show the presence and the evolution of two endoglycosidase activities in white campion cells. Both ENGase Se and PNGase Se activities, which generate MansGlcNAc and Man3(Xyl)GlcNAc(Fuc)GlcNAc, respectively, increased as soon as nutritive sugars were totally assimilated by the cells. In fact, the lower the initial supply of SUC, the faster the increase and the higher the activities. On the other hand, UNGs were mostly produced after complete disappearance of sugar nutrients from the medium. These data strongly validate the link that exists between the occurrence of UNGs and possible autophagy due to sugar starvation. This result deserves several comments. Although the production of UNGs was linked to the level of endoglycosidase activities, those activities were found throughout the culture cycle. The absence of UNGs before sugar starvation was quite surprising, although growing cells are able to continue deglycosylation by means of exoglycosidases.
To understand that deglycosylation occurs only under certain conditions, it is necessary to realize that enzymes and substrates are not always in the same compartment and that their proximity could occur when important modifications happen inside the cell, e.g. in the case of autophagy (Joumet et al., 1986) . In addition, the occurrence of endoglycosidase activities throughout the culture is not surprising considering that the cell tums over protein continuously. The consequence is that it is possible that the enzymes play a part in regulation. It must be pointed out that UNGs were found in the culture medium when endoglycosidase activities were located inside the cells. This suggests that UNGs might be excreted after deglycosylation occurs. The explanation of their late occurrence could be that growing cells accumulate UNGs but cannot release them into the medium until sugar starvation occurs.
Another hypothesis is to attribute the production of UNGs to the consumption of storage proteins, whose digestion would start mainly after carbon starvation. It is known that some storage proteins can be N-glycosylated (Wittenbach, 1983) . Finally, extracellular glycoproteins could be deglycosylated because endoglycosidases were also detected in the culture medium when cell lysis began.
To our knowledge our data constitute the first kinetic study attempting to relate deglycosylation and carbon starvation. Additionally, we provide evidence that suggests a functional role of endoglycosidases in plant physiology. An obvious next step will be to determine if in a whole plant, in particular during physiological states like germination, development, and senescence, some tissues exhibit similar behavior regarding UNG release in white campion cells. In such a context, UNGs could constitute a class of metabolites able to regulate the metabolism of other tissues or organs. The results of the biological activity of these oligosaccharides on development (Priem et al., 1990a) and fruit ripening (Priem et al., 1993) are conclusive enough to pursue research on the basis of these hypotheses.
